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; 4 GQROUND RULES
ALTiTUDE APPROX. 100,000 FT.
SpeeD MACH 3.0
‘~' Range a 4000 N.ML.
a  Crew | 1
| | PavLoaD 500 PounDs
7' CowusTtRucTION ' |
‘ AIRFRAME TYPicAL RIGID METAL
: ENGINES TYPICAL RIGQID METAL
3 |
C
' |
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¥ithin the ground rules &8s previously stated, three types of vehicles were
-designed;: Pentaborane Tueled, JP fualed, and Liqum Hydrogen fueled. - The results
are shown on this chart. All groes weights are at start of crulse.

Asmld'neweoud, mwmmismu@tﬁ, resulting from
mmammmmrmorm mm;cbod,yr«ult:rmthclav
density of Hydrogen.

‘\

, The Pentaborsne m.lad vehicle is the'mt lightest, With JP the heaviest,
o however, there's only amxilately 3000 poupd difference from lightest to

- . heaviest. Off-bhand this seems s cheap pﬂcetopuyforthemducodhaurds

i md complexity of th.c JP fueled vehicle,
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SUMMARY

(HIGH PERFORMANCE AIRCRAFT)

| GROSS WEIGHT WINGAREA  CRUISE ALTITUDE

(L8s) (5¢.#T) AVERAGS. (FT)
P.B. 9,700 500 108,600
JP-4 12,190 300 92,200
HyD. - 9,100 500 |04 350

J

SECRET

Approved For Release 2011/01/11 : CIA-RDP89B00709R000400800005-2




i e

e

e Approved For Release 2011/01/11 : CIA-RDP89B00709R000400800005-2 =% 3
Wl # ,.‘.:,3-»,:;«3,, e PRI Ty T e y e RS RGN

R RE L

SECRET

. JP-h RAMIET

gogﬁeﬁﬁo&gﬁ&@oﬁrr?& 15&.

Zp-267-3

This is a straight

Aﬂogs state of the art, vehicle g» typical rigid metal oguénnn.a»g
83&&%%&&&3% m
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WT@ START OF CRU(SE %)
FUEL WT 5y
WING AREA ¢ FT
N/S@MDCRUSE  Lb(SQFT
L/D @ START OF CRUISE

RANGE N.MI
CRUISING SPERD MacH
AVE CRUISING ALTITUDE  FT

JP-4 RAMJIET

(H1GH PERFORMANCE)

M-12G w

\*\MAP.QUAEDT BAMJET EN®INE

iz, 190
©900
300
2913
524,

3.0
32,200

Sec. B-B

Sec. A-A Sec C-
— PiLeT -AROONDIMONING, ‘FUEL TANKS
\ CAPSOLE— Euecmcux

NAVIGATION EQUIPMENT- ELECTRONICS EQUIP. \
\
' AN

Y

T\ NoSE (ANDING GEAR

AL- BL-1 - SL /\Pwmm

T \—MA\».) LANDING GEBAR |

-

B A _

Approved For Release 2011/01/11 : CIA-RDP89B00709R000400800005-2

SECRET




1
i
b
%

T ERRTTL T S e T T

e

Approved For Release 2011/01/11 : CIA-RDP89B00709R000400800005-2

SECRET

g ve

WIBSION PROFILE

e ————R

" yhis particular mission is for the Pentaborsne fisled vehicle, however
it is typical for the Pemtsdorsne, Hydirogen, and JP fueled type of vehicle,
with the excaption of cruise altitude. = °°

m.}?vuhiclc, shown on the last chart, R LN cruise st an average
altitude of 92,000 ft. instesd of the 105,000 ft. shown for the P.B.
vehicle on the chert. s o .

ﬂlwmjmﬁl.‘m:mmtmnamhrw(Mu

‘3~52) with rocket boost to Frulgk sltitude and speed. Other types of boost
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a MISSION PROFILE \

(RIGH PERFORMANCE RB. RAMJET

-MipcRuISE
105,600' ALTITUDF
START OF CRVISE , END OF CRVUISE -
101,200" ALTITUDE , || ©,000"' ALTITVDE
20,000/ |
ApPROX , ] C APPRo&l-
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COMPARISON

F-loo A = ————+ GNW = 35000 LB

GW. (smaer cruss) = 12,190 L8.
LAUNCH WT (arouns) = 32, 00O LB.
LAUNCH WT (B-52) = |,0001B.

JP-4 VERSION

J
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TURBOJET (GROUND LAUNCH

. After considersble study of various launching methods, it was concluded
o tbart,moftha-octpronungmawmny-uplmchwngnJett-
{sonable turtojet booster-ped. -Such s booster pod might utilize a J-58 engine
- nndmldimmntofueltmkeandglanﬂingwdmtctobotht&kﬁoff
and 1and the vehicle booster combination. The booster would probebly only be
jettisoned on actual military objective f1ights, and two systems should be con-
sidered; recoversble booster pod (parachute), and expendable booster pod.

¢ There was ot sufficient funds to make a complete study of this type of
bobst, bowever this chart indicates a very preliminary check into the possihie
performance of such & system.. It does indicate that there 1s a good possibility
of aceumplishing such & boost system. L

It dnu‘ indicate that a 10,000 pound vehicle could be boosted to spprox-
imately 90,000 ft. at M2.92, after s normal take-off add fly-up. This altitude
snd speed is sufficlent for rsmjet lite-off for cruise. ‘

Convair believes that thia typefor,lqﬁch combined With the JP. fueled -
vehicle, would produce the most aimple, inexpensive, type of ‘reconnaissance

It must be admitted, that further study is required before the practice
. ability of such & lannoh system is with out ‘question.

) SECRET
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TURBOJET GROUND LAUNCH

(N-59B)
PRELIMINARY ONLY

TO. WEIGHT = 25,000LE
ENGINE WEIGHT = 5,500LB.

NISCELL. WEIGHT = |, 500 LR > BOO(TER WEIGHT
(TANKS, ATTACH., - 15,000 LB.
LANDING GEAR ETT.)

FUEL VEIGHT = 8,000 L8
VEHICLE CRUISE VEISHT = ,O\OOOS.

90,000 FT B M= 2.92
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. It is estimated that the radar cross sestiom of the three vehicles
(Pentadorane, Hydrogsn, and JP fusled) before sny sttempt has been made to reduce
this, agggggggggi would be as shown;<Z M0

gggggg% ugAmooung‘ghoﬂggﬁoc.

ggggggooigﬂggwoa-

. gﬂaggg?miatgﬁg

, “:ggwg :%ggo«og%

. with more sxotic %.ﬁ.%ggggggu 3 end 10 square. -

aetars. ggﬁgggﬁuﬂgﬁgg?g suffieient

,%oug%ggggﬁ%ggg ies of
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ggwg

g ouvu.d indicates the deteils of gﬁ Pentaborane fueled vehicle, note Gua

438§-§3§d§§sw8§ for the JP-k vehiele, also the higher

cruise altitude; 105,000 ft. versus 92,200 ft. The cost, hazsxds, snd. complexity

,/. o&&ggggiﬁggpqggggg

gross %ﬁ plus higher B.E.an nu..w»go
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4 PENTABORANE RAMJIET M-124 A J

(LA PERFORMANCE)

g B o

! _ b

| o ot

MAr.QUARDT — i i m

RAM JET BNGINE . _ - - %

WT & START OFCRUSE LB - %
FUEL WT. Le M
WING AREA SQET =

W[5 @ MID CRuISE L2 /SQFT agan m
L/p ® sTARY OF CRUISE %
RANGE N. My m
CRUISING SPEED MACH S
AVE CRUSING ALTITUDE. FT. o

0

[a

o

o

TEC AA

AR CONDITIONIMNG BLECTRICA'
¢ ELECTRONICS ECU\PMENT

‘—piLor caPsuLE
NAVAGATION —
EGQUIPNENT PAYLOAD —
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WTD TR LTINS Le CRRI PRATTE WHITNEY
Fus w1 LE 2220 RAMJET ENGINE
Wi AV A CLE~ =0

W/ b TR Ly e4oT 5.2

LG SIS o el z 19

RANGE N A 1930

CROLUVLING SPLITT [ VA 2.0,

AVE LUttt S ALY TUUE BT _OA; 1<)

HYDROGEN RAMJIET P-124C°\
(HiGH PERFORMANCE)

- 23T

i

ey
1

2

NOLE HEAR

- PAY LOAD

I
NAVIGATION EGuE — PILOT CAPSULE — MAIN LANDING GEAR
—_— e e e BRI e e xi-..la!.I.l:f!alll‘llllL\
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Jp-h VERSICN OF PENTABORANE AIRCRAFT

This vehicle was designed as a possible step in the development program of
the Pentaborane vehicle. This weuld be the exact Pentaborane configuration dis-
cussed eerlier, but with the pemtaborane ramjets removed and replaced with JP-i
fueled ramjets with necessery fuel system. The pentaborane tank would then be
fusled with JP-k, resulting in en increase in gross weight from 9700 pounds to

10,530 pounds as shown.
In order to reduce cruise altitude within burning limit of JP-4, this coa-

' figuretion would have to fly at a lower angle of sttack, resulting in reduced

L/D. Tis, coupled with §.F.C. of JA-b, reduces range from 4OOQ to 2960 as in-

dicated on chart.

'~ This spproach is presented, only a8 an »unnn.anauum posaibility.

SECRET
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JUD.4 VERSION O

WT® START CF CRUSE
FUEL WT

WiNG ARE A

WS & MID (RUCE

Yp & START 7 (RS
RANGE

TENSING SPEED

AVE CRLUZ ' ALTTUTL

-
Le

LF

Le suvm

Yo%

AL~

R

PENTARORANE P:NQNZU%

F‘l B ——

MAKGURRTT  ——
JET NZ GoNE

10,530
4970
gL
1609
5.8

2260

95, 400

T LELl —%alle (JQC o= PJ
CTel S B s
1A N T - T ,\vnr - 1!.../
[ .20
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Again, this spproach »u% ggsggugnﬁ for
»ggsm trsiming and early phase aM.«auhean.
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ALTITUDE — F7 /000

TRAINING VERSION OF
PENTABORANE AIRCRAFT

AN. J-8S8 TURBOJIETS var)n_io. Z szpm.d.w
S \W. = |O,000 LBeS

FLIGHT ENVELOPE- TYPICAL M/SSION

1 MAX. RELEAT- 50 -

N

N

N | =7

vA

_M 70 Iﬁ%\\

1

W

w 20 4 FLIGHT TIME = /.5 e

N

N b

~J /0 T :.

<X N

0 F T T T T T e |

o 2 4+ § 8 /.0 o0 R F00 Y Soo SO

MACH NO. KRANECE = N MILE
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This configurstion %«og»bogo!on penalties
for |

was
) gwn»h«?dﬂréowu% minimum redar eross section. The ramjets
were

ggggo&?ﬁu&«o%%%&»ﬁa«. This

| \ - o

Nodse gfzggggﬁogon%vg
F%n&w’gusﬁnwg%. These tests indicate very little
gggagggggﬁg.
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4 PENTABORANE RAMJIET M-zs N

(MINIMOM  RADAR CROSS SECTION)

BLEVONS
WT.@ START OF CRUISE LB 1l,050
FUEL WT. LB 5100 ‘
WING AREA $Q.FT 500 i =
W/S@MIDCRUISE  LB/$Q.FT 17.0
L/p @ START OF CRUISE 505
RANGE N ML 4,000
CRUISING SPEED Macd 3.0
AVE CRUISING ALTITUDE FT. 102,300
5.0
A
A
-o —
L g ~ MARQUARDT
. ecTion A.A RAMIET ENGING L

PILOT ZAPSULE - — AR CONDITIONING
. ELECTRONICS AND
ELECTRICAL BQUIPMENT
NAVIGATION mﬂc_v;m’z.. %

L In_O ooo MD H‘ o
Aﬂ

It ) ,‘ - /,,. - — PVC
NoSE LANDING ovrnV PAyLoap— FuEL #zxww\\ﬂizz LANDING GeA
f (\WHEEL, SKI ALTERNATE) w._\m_ ($KiIDS; SKiS »r«mnzzﬁL
—_ .
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a SUMMARY

HIGH PERFORMANCE

\UW\M TARORANE JP-4 VERSION-SAME CONFIGURATION

T GW.=9700L8 —" G\ = 10,530 \&.
=== AT~ |05,600FT \LT.» ©5 400 FT.
S~ [ RaN&E:4000NMI RANGE = 2,360 N.M!.

L | L

JP-4 MIN.RADAR CROSS SECTION CONEIG .

=7 aw.=12,190Ls. Gw= 1,050 (8.
S| ALT= 92,200 FT. AlT=102,3C0OFT.
=3 RANGGE=ACOONMI. RANGE~ 4000 N Mi.

-
i
<

HYDROGEN ._.CanL.m._..-ﬂdN.Zz ING (Jes eNeINgs)

GW.: 8,|100L8B,
_ ALT.= 104,350 FT
RANGEr 400ONMI

GW= 10,000 \8 .
ALT = 50,000 FT.
RANGE= S80 NMI(.
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LAUNC K

GROUND RULES -

ARCRAFT &\W. ,ouoocw.\( ARBITRAR Y

GROUND LAUNCH

L
CousIDER ONLY Y 5 52 AR LAUNCH

AIRCRAET CONFlg. — PB. HiGH PERFORMANCE

\

SECRET

' ____ Approved For Release 2011/01/11 : CIA-RDP89B00709R000400800005-2




- Approved For Release 2011/01/11 : CIA-RDP89B00709R000400800005-2 . : o

g e onge
AR

P

Zp-267-15

SECRET

: th three
This ggg«éﬁowggéﬂﬁi
stage s011d rockets. The objections to the type of lsamch ere; gﬁﬂw re-
quirements at lmunch (first stage firing), the necessity for light-off o
three stages, Eguggggwggag.

>nvﬂa§~§un»n§a3§§§3§
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GROUND LAUNCH I

($OLID FUEL ROCKETS)

LAUNCH WT 30,000 L8

FIR(T BURN LT WT 12,5696 L8 © tuneling Supporrs
(ECOND STAGE WT 17,51 L} M-124 A CONFIGLRATION to= A

fecoND BURNOUTWT 13,936 LB - Y

THIRD STAGE WT 13,220 L3 \

THIRD BURNOUTWT 10,5635 L8 -~ =

STARTOF cRUMEWT  lo000 LB ¥
¥ INcL.3oo s, ﬁozjzmmZnY FOR M-124A

@ CG. AT START OF CRUISE— —C&@. AT BURNOUT oF | 1 sThee-
C G AT BURNOUT OF 30D STAGE —

5,

C.G. AT START OF 380 STh&E— / ~ Cg@. AT LAUNCH
C.G AT BURNOUT CE 7M8 STAGE —\ ‘

C.©. AT START OF 2KP STAGE ——

SECONWNL SV A E&C BOOSTER -

\
THIZD STAGE BcosTer S EV

ST STAGE BCoSTER
(WITH SVIVELING NoZ2LE§

FOR CONTROL)

SECRET
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GROUND LAUNCH N

(LIQUID FUEL ROCKETS)

FUBL U.OMH
OXIDIZER LR.F.N.A.
PROPELLANTS REMAINING 1N — j - .
~ © LAUNCHING
LAUNCH WT 32 CCO LB CENTER BOOITER AT BURNOUT T SUPPORTR
' OF OLTER BOOSTERS

FIRST BURNOUT WT 9930 LB
(ECOND STRGE WT 17,516 LB

SECOND BURNOUT WY 11,251 (B.

ity m.nmz_.‘mm‘mooﬁn

7 A Vosta R : ouUTER BoOSTER
\\, Am\u-rt T ! , - AM

ST T
ﬂ - 3. BELL MoDEL 8048

STRRT OFCRUSE WT 10,000 B *

¥ INclL. 300 (B CONTINGENCY
For M-124 A M-124A CONFIGURATION —

i C.G JUST ARTER JETTISONING OUTER BOOSTERS LIQuiD FUEL ROCKET

C.G. AT START OF CRUISE, AT LAUNCH AND- MoToRS {GIMBAL
AT BURNOUT OF CENTER BOOSTER ,, MOUNTED TYPE)

C@. AT BUBNCUT oF CUTER BOOITERS +

C.G. AT START OF CRUISE |

c.@ AT LAuNeH —

< BOOSTER 1S |5 STAGE TYPE.
ALL THREE MOTORS OPERATE
FOR INITIAL STRGE THEN
OUTER TWO MOTORS § TANKS
ARE DROPPED CENTER MOTOR

o - ¢ cenrER
CONTINUVES Boosrer

SECRET
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AIR LAUNCH (WITH B-52 CARRIER)

This drewing indicates the cepebility of the B-52 to easily handle one or
two of the vehicles. There is, of course, many sdvantages to this system; ex-
Tension of range, two vehicles would give double relistility, reduced pilot .
hazard, and a carrier sireraft such as the B-52 would provide an important plat-

*

SECRET
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(WITH A B’-52 CARRIER)
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$TATIC GROUND LINE— ™
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AR LAUNCH

(CONFIGURATION M-124A WITH SOLID FUEL ROCTKETS)

FIRST STAGE

- ———

SECOND STAGE _
(TWO MoTOoRS)

C .G.® START OF CRUISE
C.®.(0 START OF SECOND SThéE

C.Q.@ START OF FIRST STAGE

¢ THRUST SECOND sTAGE
¢ THRUST FigST STAGE

\\
M-124 A CONFIGURATION—
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SEA BASING

N

LAUNCYH FROM CTARGO TRANSPORT

D (Towed IN HoLD
@ PLACED ON LAUNCHNG GEAR ON DECK

@ LAUNCHING POSITION WITH BLAST
DEFLECTOR N PLACE

WioH PERFORMANCE 1p-4 RAMIET (M-126)

View A=

LAUNCH FROM FUTURE SUBMARINE CARRIER

1@~ PERFORMANCE P-4 RAMGET (M-26) -

@ LAaUNCUING POSITION

SNLARGED VIEW SHOW NG VEHICLE STOWED
W TR WAINGS FOLDED N MIN.MUM COMPARTMENT

Nigw/ A-A

TYPICAL SECTION THRU Sus

(@ STOWED IN WATERTIGHT COMPARTMENTS
(@ $UB SURFACED VELICLE BUN OUT . WINGS UNFOLDED
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LAUNCH SUMMARY

(10,000 LB. CRLUISE YAU(CLE)

\

GROUND
To. WTr ®)|TYPE T.O. | ULT_ALTF)| STAGES
sol D BO,000 |STRAIGHT LP | loco,coco 3
LI@QUID 32,000 | STRAIGHT UP | 00,000 | %
LIQUID 7 ZERO '§'ul| 00,000 | 2
(LNDER STUDY)
TURBOJET (d58) 25,000 | NormALTO. (FLy VP 90,600 | + SMALL R J. WeLt?
AR ( B-52; SUBSONIC 55,000 FT)
sol\D _ \7,500 FLY UP loo, 0 00 2
._‘canm.q@m@_ (e FY OP 7 |+ SMALL R.J. HELP?
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WHICH SYSTEM T o

@ P-4 CRUISE VEHICLE

e MINIMIZE FUEL PROBLEMS

e Lo@isTics , HANDLING, HAZARDS
o SMALL SIZE

e MINIMUM RADAR AND |. .

o LONW WEIGHT

® STATE OF ART CONSTRUCTION

® ENGINE —STATE OF AT
* SMALL S1ze (EXISTING FACIL(TIES)
* SIMPLE (No VARIABLE GEOMETRY)
* CONSTRUCTION (SIMPLE RIGID METAL)

e PoosT

* V58 POD FLY-UP (REQUIRES FURTHER =TVDY )

e B-52 LAUNCH I J58 FPOD FLY-OP NoT
ATTRACTIVE AFTER FURTHER STUDY

J
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FOREWORD

This describes the Inflatable and Rigid Hi‘gh A:'I;titudﬁ
(.ppmmmymriy,ooo £t.) configurstions of the Project "Hazel
studies performed by the Convair San Diego Division of the General

Dynsmic 11llment
s Corporation. This report represents Convair's fulf

of Ttem I of the publicstion obligstion specified in Contract ROas-
58-812 (BS-100), Amendment #3, issued 23 December 1958 by the Bureau

of Aeronmutics.
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SYNOPSIB

This report is & continuation of the “High Altitude"” Hazel studies
reported in ZP-252 "Project Hazel Summary”, ZP-253 "Aircraft Design”,
ZA-262 "Aerodynamics”, and ZJ-026 "Propulsion, Structure Heating and
Pressurigation”. Three main odbjectives are coversd:; 1. Launch Study,
2. All Netal Airframe Design and 3. Test Model Wing Design.

The launch study examines the launch requirements to allow de-
sign for only the cruise or post cruise maneuver airloads. The
leunching method chosen utilizes an airplane such as & B-36 or B-52
for the initisl boost and & two stage rocket for the secondary boost.

The all metal airframs assumes an al) magnesivm construction of
integrally stiffensd pansls and multl spar wing. The metal edirframe
is slightly larger and heavier then the non-metallic airframe, but would
require less of & development program and would give improved main-
tenance.

The test model wing design is hased on all metal construction and

is designed to be compareble with e similar non-metallic wing being
built by Goodyear Aircraft Corporation.

——
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INTRODUCTION

{

/

This report is s comtinuation of the "High Altitude” Hazel atudies
reported in ZP-252 "Project Hazel Summary”, ZP-253 "Aircraft Design"
ZA-282 "Aerodynamics", and ZJ-026 "Propulsion, Structure Heating and
_Pressurization”, October 1958 by Conveir, San Diego, A Division of
Genersl Dynamics under the same contract, Avendment #3, 23 December
1958, Noag 58-812 (83-100) of 1h August 1958. It consists of three
general aress of study, I. launch Study, II. All Metal Airfreame Design,
spd TIY. Pest Model Wing. Section I describes the launch method re-~
quired to put the basic MC-10 vehicle at its design start of cruise
position end velocity without exceeding structural limitations. Section
IT describes design of an axtremely light all-metal vehicle to accom-
plish the same mission &s the M:-10 configuration of ZP-253. Section
TIY gives the design details of an all-metal test model wing to com-
pare with the pressure stabilized non-metallic test model wing, being
built by Goodyear Aircraft Corporation. Appendix A is an evaluation of
& phase of the launch method proposed.

Report ZP-253 establighed the basic mission and design require-
ments for the "Hazel" vehicle. The high altitude cruise demanded ex~
tremely light wing loading. The requirement for a non-metallic air-
frame dictated & pressurs stabllized fiberglass fabric airframe. The
long renge cruise requirement ylelded vehicles of considerable size
to obtain the low wing loading. With these considerations, airframe
structure weight is & crucisl factor in the design. The MC-10 con-
figuration of ZP-253 is based on & restricted launch to allow design
only for cruise maneuver requirements or post cruise glide gusts.

All the reguirements and sssumptions of ZP-253 apply, except for
the non-metallic airframe requirement, for the all metal wing. The
MC-30 all-metal configurstion is, of necessity, & highly refined type
of metal construction, with structural requirements quite different
from 8 conventional fighter or bomber aircraft.

The model wing design is a test component representative of the
M2-30 conatruction. The size and support arrangement of the model were
recommended by the customer.
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LAURCH STUDY
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SECTION I
LAIRCH STUDY

Report 7P-253 (Section I, Item D & Section IV, Item 4, Subsection
A) discusses the launching methods originally studied for the Hazel
vehicles, namely:

1. Rocket launch, sea level to start of cruise.

2. Balloon primary launch to 80,000 feet, secondary rocket boost
to start of cruise.

3. Primary launch (carry-up) with conventional aircraft to 45,000
feet, launch with rocket boost to start of cruise.

k. Air breathing specisl design primary launch to 80,000 feet,
secondary rocket boost to start of cruise.

i
| Each of these methods has been considered for the MC-10 configure-
tion and all except method 3 have been eliminated.

Method 1 is 4impractical for the range and altitude requirements
of the misgion because of the increased airframe structure weight. This
incresse is due primarily to two factors: First, a gross weight increase
cauged by the higher mass ratio required for ground launch. Second,
the inherently higher dynamic pressures occuring in the region of maxi-
mm wind and gust velocities. This weight incresse nullifies the possi-
" bility of obtaining any cruise range of congequence, beceuse the light
~ crulse wing loading requirements call for wing aress such that the airframe
- structure weight growth factor is divergent.

Method 2, the balloon primery assist, has been asgumed to be inm-
prectical both from s reliability end tactical standpoint, though it
might be useful in a test program.

Method k&, the specisl design airbreathing booster, has not been con-
sidered further by direction of the customer.

Launch method 3 has been studied in enough detail to define the major
requirements of launching the MC-10 configuration by this means. (MC-10
configuration shown on Pigure 1).
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HIGH ALTITUDE PENTARORANE RAMJIET

PRESSURE STABILIZED NON-METALLIC CONSTRUCTION

LAUNCH WT. l8 30525
WT@ START OF CRUISE L8 13,800
FUEL WT. b  e.330
WING AREA Q.FT 1,985
V/S @MIDCRUISE  L8/$Q.FT.  5.35
L/D @ START OF CRUISE 4.7
RANGE- NM. 3,200
CRUISING SPEED Macy 3.0

AVE, CRUISING ALTITUDE T 13,400

RIGID WING TIP

BOX
TENSION TiE- SUSAR

CARRY'ING TRUSSES (CORD)

ELEVON

STRUCTURE

MARQUARDT RAMJET
ENGINE

\rb.z(iﬂ

GUIDANCE- AND CoOM
EQUIPMENT

INSTRUMENITS V
PILOT cAPSUL

PAYLOAD
ELECTRICAL EQUIPMENT

AND ENVIRONMENTAL CONITROL

,m 7
FURL TANKS

AUXILIARY POWER UNIT
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The primery or aircraft boost phase of the launch poses & problem
similar to that discussed for the sea level rocket launch (Method 1).
The large wing ares of the cruise vehicle, in ca junction with the
relatively heavy wing loading response of the booster aircraft combination,
can produce wing gust airloads greater than elther the start of cruise
maneuver airloads (with temperature losses) or the glide airloeds after

eruise. Rudimentary checks of convective gust velocities of 50/J8
f£.p.s. below 25,000 feet altitude (Ref. Page 76 of ZP-253) indicate
speed restrictions below the minimum flying speed of a B-36 or B-52
type aircraft would be required in order to limit gust airloads to
equal the start of cruise or post cruise design loads.

Figures 2, 3, L &5 illustrate the method studied to permit air-
craft boost without cruise vehicle airframe penalty beyond cruise re-
quirements. The entire vehicle wing is in contact with the upper
surface of a support platform. The platform is made structurally ade-
guate to support itself and the attached vehicle and any spplied air-
loeds. The vehicle is attached to the support pletform by locating pins
and & pressure differential mainteined between the wing lower surface
and platform upper surface. The platform upper surface is envisioned
as a sandwich panel with s perforated upper skin and honeycomb core
manifolded to & vacuum pump. A suiteble seal would be used arcund
the perimeter to prevent excessive leakage.

/ . The airlomds applied to the vehicle wing would be reacted directly

| from the wing upper surface, thru the wing sub structure, to the plat-
form panel, and then thru the platform substructure to the booster air-
eraft. This relieves the vehicle wing structure of the shears and
bending moments imposed by the airloeds.

Just prior to separation the booster aircraft will be slowed to
pear minimum speed. The sepsration for the secondary rocket launch
would be accomplished by the simultaneous pressure releese of the
vehicle &8 booster thrust buildup occurs. The guide pins would help
maintain proper vehicle relationship to the carrier aircreft during
initial separation. The awiveling first stage rocket wotors are
positioned to 1ift the MZ-10 vehicle away from the carrier aircraft
with encugh forward thrust component to nullify drag snd give a small
horizontal accelsration away from the carrier vertical tail surface.

Preliminary checks have maicated that for a structure design pre-
dicated on the cruise and post cruise requirements only, the allowable
lead factor at separation would be .97 G limit. With & zero 1lift
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ZERO LIET DIR LAUNCUING CONEIGURATION
MC-10 /EUHICLE CARRIED RY B-52

Mc-lo vedicle —

WEIGHUT! FOR MC1O VEUICLE AND ROOSTER POCKETS

LAUNCH (START OF ¢TAGE | ) 35000 LB.

STAGE | BURNOUT 26,478 LB,
STRTOFSTAGE 2 24,762 LB.
STRGEZ BURNOLT 15612 LB.
START OFCRUISE_____ |3800Ls.

FOR MC-1O RAMIET
ENGING-

188’ J

SUPPORT PLATFORM FOR MC-IO
WING IS OF SAME PLANFORM BUT
HAS COTOUT FOR BOOSTER ROCKET
PACKAGE CLEARANCE
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\ - TWO STAGE LIQUID 4 3
BOTH STAGE | ROCKET MOTORS CANT OUTWARDS AT FUEL BOOSTER ROCKET %%cﬁzq;s OF a
START OF BOOST TO CLEAR B.52 FUSELAGE BUT PACKAGE- STAGE | ROCKETS ¥ M o F
ROTATE DOWN TO PARALLEL AS SOON AS THE (@IMBALLING) geoxn
SEPARATION BETWEEN MC-1O AND B-52 PERMITS
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_MeTHoD o©oF ATTAC./-JH\JG Mc-lo VEHICLE
TO SUPPORT PLATEORM ON CARRIER AIRCEAFT

—

,—CUTOUT N SUPPOR’
PLATFORM TOCLEAR
BoosSTER ROCKETS

™
s

[

—

Q/SUPPORT BLATFORN
Y MATCHES ConTouR
OF LONER WING
SURFACE OF ME-10

SANDIVICH \WITH PERFORATED OUTER SKIN .
To PERMIT VACUUM GRIPON LOWER WING
SURFACE OF M¢& f/

L\ L

N

PRESSURE STAR'LIZED NON-METALLIC
WING STRUCTURE OF MC-l1oVEHICLE

—~ LoCATING PINS PARALL
T0 LINEOF ﬁewa_mou

)
\

VACUUM PUMP ——/ \_¢UPPORT PLATFORM

{ FIRST STAGE BOOSTER ROCKETS
, & LINE OF SEPARATION
THE VACUUM GRIP METHOD OF ATTACHMENT PREVENTS M0 wiNe
FROM SUSTAINING ARLORD DURING CARRIER AIRCRAFT FLIGHT uP
TO LAUNCH ALTITUDE AND PE—RM\TS INGTANT RELEME AT LAUNCH . 57

CT F\Cj 3
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launch, the only expected wing airloads would be gust airloads. To
insure the structure against gust airlosd overloading, the vehicle
true airspeed would have to be limited such that censsrvative gust
eriteria would not produce airloads beyond limit design. Figure 7 is
a plot of the expected limits based on the gust velocity criteria of

Pege 76 in Report ZP-253.

‘ Tt should be noted that Figure 7 indicates a first stage trajectory

| outside the gust limits in & small area. It has been assumed that this

‘ discrepancy can be removed by further launch trajectory investigation.
The trajectory shown is a typical performance based on first approxima-
tions, with time not permitting further study.

The initial separation is assumed to be made at 45,000 feet and
at a true airspeed of 200 knots (dynsmic pressure of 30 psf). As the
first stage thrust vector progxam rotates the vehicle and begins the
climb and acceleration, the speed increase is offset by a reducing
gross weight and air density in addition to a lowering of gust veloci-
ties to & point where at 75,000 feet, gust airloads are no longer of
any importance. As {llustrated in Figure 7, during the second stage of
the rocket launch, the magnitude of the poseible gust load has diminished
to 8 point vhere serodynamic trajectory control is used, permitting a non-
gimballed second stage. o

The secondary portion of the vehicle boost 1s also difficult to do
witheut penalty beyond the crulse and landing requirements. The large
grogs weight resulting from the booster packege weight in addition to
full cruise fuel weight severely limits the airlomd capability of the vehi-
cle after separation from the booster alrcraft. The gross weignt re-
quirements asre particularly penalyzing to the cruise veli cle because of
the lack of inertia relief in the wings, since both the booster package
and cruise fuel are of necessity at or in the body.

Investigation of a conventional aerodynamic launch from the booster
aircreft in which the cruise vehicle flies away from the booster air-
and then performs a pullup maneuver for initiation of the rocket boost
hes indicated this method to be impossible within the ground rules of
sltitude and range. Appendix A discusses the effect of the weight
growth resulting from the 2G pullup maneuver in the presence of gusts et
separation. The MC-10 non rigid vehicle could never fulfill the range
requirements if designed for this criteria. (See Figure 18).

Figure 6 iB an approximation of the optimum structural system for
least weight versus design load (gross weight and load fector) and wing
area. When the design requirements plot significantly into one systems
area, large weight differences occur if the opposite system is considered.
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This 1s what happens to the MC-10 configuration when designed for the
aerodynamic launch. The design loading and ving area makes the pres-
sure stabilized approach a penalty.

The secondary launch considered is & two stage rocket powered
boost. The first stage is & zero lift ballistic trajectory using pro-
grammed thrust vectoring for lift and inertial attitude eontrol as well
88 propulsion.

As the vehicle approaches cruise speed snd altitude, it begins to
be serodynamically heated. When it reaches final staging, the vehicle
is capable of a maneuver load facter of + 1.5 G limit, with increasing

capability as cruise fuel 18 burned, . Tuis capability (1.5G at start
and 2.1G at end) allows maneuvering as desirad during cruise at tempera-
ture.

To summarize, the launching syster requires a three stage boost
from ground to start of cruise. The primary portion is an aircreft
| voost from the ground to 45,000 feet, using & modified existing air-
craft with # specisl platferm support. The second phase .is a two
stege rocket launch, first stage a zero lift gimbaled rocket boost to
63,000 feet, and a final rocket boost with 1ift to start of cruise. All
other methods considered have been ruled out either by practical consi-
derations or the physical limitations imposed by the deslign and mission
regquirenents.
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SECTION II

]
ALL METAL ATRFRAME CONFIGURATION

The initial vehicle studies made in Report ZP-253, were based on a
primary requirement for a non-metallic airframe. The outgrowth of this
basic restriction was the concept of & non rigld, pressure atabilized im-
pregnated fiberglass wing structure in eombination with a conventional rigid
reinforced plastic body and pylon which is the MC-10 configuration as shown
in Figure 1. The pressure stabilizing was utilized irn conjunction with the
non rigld sirframe concept to accomplish two mejor goals: First, for
minimal airfreame requirements, non rigid construction offers the lightest
producibility limite. BSecondly, to save weight, a reduced factor of
safety was proposed on the premise of the non destructive load limiting
ability of the non rigid, pressure stablilized structure.

In this re-evaluation, the non-metallic requirement is rewoved, which
allows the consideration of high efficiency metal comstruction. The same
structural design criteris, as summarized in Table I is assumed to apply
along with the original overall mission requirements. However, since the
metal construction considered is "conventional” rigld structure, the
normal factor of safety for manned aircraft of 1.50 for ultimate loads is
used in the MC~30 rigid metal configuration along with the normal struc-
ture design requirements, as outlined in MIL-A-8629 "Airplane Strength and
Rigidity"”, where applicable.

Figure 8 shows the MC~30 configuretion. This coufiguration is identi-
cal to the MC-10 configuration except for a size increase proportional to
the vehicle weight difference. The basic geametrical relationships, ar-
rengements, and crossections are held. Table 2 is a comparative weight
breakdown for the two configurations.

The major airframe cowpouent of the MC-30 vehicle is the wing struc-
ture. The body structure as such is the center portion of the wing and
the engine support pylon. All fuel, equipment, payload and crew are
placed in this "body™ pylon areas, thus placing almost 85% of the vehicle
masg along the vehicle centerline or wing root section. The body-pylon
-tr\fcture is sssumed to be primarily composed of the wing root section
and two mein ribs providing longitudinal stiffness and torsional continuity
for unsymnetrical wing loads.
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TABLE 2

WEIGH? COMPARISON

BETWEEN MC-10 PRESSURE STABILIZED NON-
METALLIC VERICLE AND MC-30 ALL MEBTAL VEHICLE

AIR LAUNCH WEIGHFP 30,525 | 38,700

SECRET

Approved For Release 2011/01/11 : CIA-RDP89B00709R000400800005-2




Approved For Release 2011/01/11 : CIA-RDP89B00709R000400800005-2

ANALYSIS CONVAIR PAGE 19
PREPARED BY A DIVISION OF GENERAL DYNAMICS CORFOFATION REPORT NO ZP'266
CHECKED BY (84N DiEGO) MODEL

REVISED BY pDAaTE March 1€

SECRET

The basic wing structure ie assumed to be & full cantilever, multi-
spar, isctropically stiffened panel arrangement, with attached vertical
fins of the same construction. The flying wing tip control surfaces are
multi-rib, isotropically stiffened panel structures with a single sper
box terminating in & pivot ghaft. This pivot shaft is supported on two
bearings in a chordwige torque box at the fin attachment in the wing which
redistributes both the fin bending moments and the wing tip bending
mosents to the wing skins. (See Pigure 8).

Multi-spar, stiffened panel wing and fin congtruction was selected
for several reasons: First, the aircraft arrangement permits full spar
and panel carry thru except at the crew compartment. Secondly, the delta
planform geometric advantage is used most efficiently with all wing bend-
ing loads carried in the wing skins opereting to the plate buckling allow-
able of an infinite length panel, rether than buckling skins with & few
heavy stabilized spars. Also, serolastic advantages exist with the
atiffened panel multi-sper arrangements, particularly in relatively
lightly loaded, large delts wings. Classic flutter problems, although
not necessarily & problem in high sweep delta wings, are virtually elimin-
ated by the stiffness, both in bending and torsion, that results from the
stiffened panel skins. Panel flutter problems, vhich become increasingly
important with large aree lightly loaded wings, are also eliminated with
the panels stiffensd to resist bending loads. Thermml stresses, where
bigh heat flux densities are anticipated, can be & problem with stiffened
panels unless adequate relief is provided in the sub structure. Fatigue
problems are reduced in the multi-spar, stiffened pansl by the general
lowering of the operating stress levels. Also, the relisbility, where
fatigue or other local failures might occur, is greatly enhanced with the
high degree of redundancy present 'in the structure. Smoothness of wing
sking is also obtained (even to ultimate load) by the stiffened panels,
which is important for a long range crulse vehicle.

The basic panel configuration agsumed 1s en integral grid stiffened
panel with appropriste integral pads for substructure attachment ,manu-
factured by precision chemical etching from ground plate stock to obtain
minimal tolerance accumulations. Panel splices would be accomplished
spanvise at a spar by butt splicing with a splice plate. Figure 17 of
the model detail is a representation of the full scale components also
and can be used for illugtration.

Te primary substructure assumed is closely spaced span-wise spars
(6.0 1n.) and widely spaced ribs (2.0 in.) made fram corrugated webs
with minirmum continuity attachment caps. The scalloped leg channel caps

SECRET
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provide for the shear connection to the corrugated webs and the panel
attachment, with ell berding loads carried in the panel. Meinienance
of the extensional flexibility of the substructure components is im-
portent so that panel thermal expansion under high heat inputs will not
generate large panel compresaive stresses or gubgtructure tensile
gtresses. The corrugated webs and scalloped caps meet this requirement
in addition to providing en efficient shear web and panel stabilizing
gupport.

The perimeter structure, i.e., leading edge, trailing edge and tips,
15 assumed to be of a full sandwich construction to obtain the very
gharp redii desired for the vehicle cruise performance. Built up stTuc-
ture cen be utilized if thermal stress problems can not be overcome in
the sandwich gtructures. The juncture betveen the perimeter structure
and basic airfreme would also provide & convenient splice point for re-
plecing damaged perimeter components. Replacability could be of parti-
cular importance for the leading edge because of the nirher temperatures
present there.

Figure 9 shows equilibrium temperatures in the airfraue during crulse.
The temperature at 10 foot aft of the leading edge is used as the basic
airfreme temperature exposure. The life design temperatures are those
resulting from normal operation for en assumed 667 fullrange missions or
1000 hours at cruise speed and altitude (approximately 1.5 hours /mission).
The ghort time limit is an additional requirement to account for short
periods of operation off of desism speed or altitude which could occur for
any reason. This has also been arbitrarily agsuned as 100 hours based
on 9 minutes per mission for 667 missions. Figure 10 is &an information
plot of the effects of altitude and speed on the equilibrium terperatures
of & cruige vehicle, illustrating the off desi¢n permissable limite among
other things.

The material requirements have been predicated on the usual struc-
tural criteris of less than .2% permanent set at limit load and no fail-
ure before 1.5 X limit lomd is applied. The M’-30 requirements pose ad-
ditionsl material requirements, however, due to the long exposure to ele-
vated temperature and the need for adequate strength at normal temperature
after the elevated temperature exposure.

Tue criteria for the primary air{rame is Hased or plaie buckling
allowable stress if this is )ower than either the rupture stress or stress
that would produce .5% total deformation in 1000 hours at 305 °F. during
cruige at 1.25 G. For the launch and post cruise requirements, the plate
buckling allowable stress is amin used as long ag it is lower than the

SECRET
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allowvable stregs remeining at normal temperature after exposure to 1000
hours at 305°F. and 100 hours &t 425°F., both at 1.25 G. Plate buckling
allowables in both cases include the thermal effect on modulua of elasti-
city.

The material selection for the MC-30 airframe is baged on the opti-
mun etrength to weight ratio obtainable for this configuration. Figure
11 is & plot of various material strength to weight ratios predicated on
the MC-30 requirements of panel buckling gtrength or elevated tempera-
ture criteria. loading intensity, panel geometry, panel edge fixity and
panel stiffnese ratios are equal for all materials and are those of the
M0-30 configuration. The web requirements of the spers and ribs have been
assumed to vary in & menner similar to the panel requirements, since the
relatively low loeding intensities would yleld webs designed for shear sta-
bility. Shear stabillity is identical to compressive penel stabllity in
being & function of modulus of elasticity and material bulk.

A thorium alloy of magnesium was chosen for the airframe structure
sheet or plate requirements, HK31A-HE24. This is a production alloy and is
readily formed, welded and riveted. Those parts that would be extruded
or mechined from bar stock have been assumed to be mede from a zinc,
zirconium alloy of magnesium, ZKGOA-TS, also a production alloy produced
by the Dow Chemical Company. Agsin, figure 17 of the model wing detalls
illustrates full scale details and materials of the MC-30 configuration.
Figure 12 contains typical mechanical properties data at elevated tempers-
ture for HK31A-H2k.

Figure 13 i8 an extrapolation from the MC-30 design polnt in terms
of wing size &and wing structural loading effects on wing structure weight.
Te basic configuration weight was calculated from a design breakdown of
the individual static stress apalysis area requirements along with the fol-
lowing simplified assumptions; some of which are conservative and other
unconservative:

1. Uniform airlosd distribution with C.P. at 33% of the seml span
and 50% of the chord.

2. Neglect wing inertia rellef.
3. Wing section is a double wedge airfoil with gzero radius edges.

L. Overall wing bending panel requirement is established by tue
root moment sapplied uniformly to 2/3 of the root chord at the root average
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5. All geometry varies linearly.
6. Same material used throughout airframe.

7. Optimum spar spacing is 6 inches for k% thick wing with isotro-
pically stiffened panels with a panel stiffness ratio of 6.

8. Producibility minimmmsare:

Webs = .016 inches
Panels = .010 inches subpanel thickness

9. All fastening is by welding, normal riveting and blind riveting.

10. Manufacturing cost toleration per unit of weight saving is re-
latively high.

11. Leading edge couponent is replacable and has a design life of
100 hours.

Figure 14 is an illustrstion of wing structure unit weight versus
wing area &nd design load. Seversl presently operational delta wing
aircraft are included for camparison of both the large loading differ-
ence @nd the regulting unit weight disparity. (Example Design Loading:™
F-106 = Wu8#/Ft2, MC~-30 = 22f/Ft2, Unit Weight: F-106 = 7.1§/Ft2, MC-
30 = 1.3§/Ft2). It should be noted that the MC-30 vehicle and design
criteria are guite radicel when compared to existing aircraft; 8o much
86 that direct comparieon is not valid.

*ncsignx.oming._.é{g_
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EECTION 111

TEST MOIRL WING

The design of a test model wing using the same type of all metal
construction proposed for the MC-30 vehicle (Reference Section II of
this report) is shown in this section. This model is laid out to the
same general dimensions as the test specimen being built by Goodyear
Aircraft Corporation of pregsure stabilized non-metallic construction
(Reference Goodyear Drawing 481AB027).

A 60° Gelta wing in planform, the model has a 12 foot root chord,
which gives s wing area of 83.10 square feet. A symeetrical "airfoil”
gection vith a mexisum thickness of 4% located at the two-thirds chord
line is used. This "eirfoil” section does not eerodynemically represent
the one proposed for the MC-30 vehicle; the maximum ordinate on the MC-
30 wing is located farther forward, and the chord plane is varped. It
was picked for two reasons: First, to campare structurslly to the Good-
year model the maximum section depth had to be located et the centroid
of the wing planform. Second, to simplify construction, a double arc
section cut normal to the maximum thickness line was chosen. The sym-
metrical feature would reduce tooling costs since skin panels could be
made in two pairs, one right and one left hand. Leading and trailing
edges are of .050 inch diemeter with the exception of the nose gection.
In planform, the nose section as well as the wingtips are trimmed to a
6 inch redius (again following the Goodyear layout). At the nose this
results in s thick leading edge which is simply rounded off to reduce
complication. See Figure 15 for illustration of this wing shape.

A mounting fitting is located at the point of meximum thicknese
to allov the metal ving model to fit into the same test set up as for
the inflsted non-metallic model. A central beam simulates the center
section structure of the vehicle. All other components of the model
ving are made tc full scale dimensions and follow the same construction
methods as for the NC-30 vehicle.

Construction is of the multiple spar type with integrally stiffen-
ed skin panels. The skin panels have a grid pattern of one inch spac-
ing produced by the chemical etching process. Spars and ribs are made
up of thin corrugated webs with cep channels, attached by spotwelding,

SECRET
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"

orming the rails. The spars are spaced at 6 inch intervals, the ribs
ocated 20 inches . Skin panels have a thickened pad to match all
spar and rib rails (part of the chemicel milling process) and ere
attached by countersunk rivets. Blind explosive rivets are used for

the closing side. Leading end trailing edges, as well as wingtips and
nose sections, are full sandvich structures with plein skins and a

rigid polyurethane core foamed in place through the closing chamnels.
These camponents then attach to the basic structure as replaceable perts,
although they are riveted at this splice.

All metal used in the model wing ig magneaium except the mounting
ritting and the fasteners. Sheet and plate parts are BKIA-RPL, parts
machined from bar stock in lieu of extrusions, are ZKG0A-TS.

Pigure 16 is the general structural arrangement and Figure 17 in-
cludes all typiecal details of construction.

The moumting fitting attaclment and center beam have been naminally
designed for a test loading of 20 1bs./sq. ft. applied uniformly to the
model wing with a single reaction at the mounting fitting, assumed ap-
plied with the model at 305° F.

Table 3 is a comparative gummary of the calculated model wing
weights and the estimated wing weight of the MC-30 vehicle. It should
be noted that the 83 sq. ft. model wing has significantly higher pro-
portions of perimeter structure end minimum depths which yleld unit
weights greater then a 2,000 sq. ft. surface.

| SECRET
|
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SUMMARY

Launch &

Tactical and development problems restrict lsunching method cone

siderations to the aircraft and rocket boost cambination. The mission
requiresenta of the vehicle also demand unique launching methods to
yield reasonable vehicle size and structure weights. The primary (by
aireraft) launch stage must provide gust loed protection for the vehicle.
The secondary lsunch will consist of two rocket boost stages. The in-
1tial rocket boost stage must be of the zero 1ift launch type to avoid
gust load problems, using gimballing rocket motors for attitude comtrol.
The final rocket boost stage is in a region where serodynamic trajectory
control can be used., This lsuach method vas examined only sufficlently
to establish its feasibility.

IX. All Metal Airframe Configuration

An all metal configuration, MC~30, was designed using the identical

requirements of the NC-10 non-metallic vehicle. The MC~30 13 an all
megnesium airframe of chemically etched integrelly stiffened panels on
a multi-sper substructure of eorrugated webs, welded and riveted. The
metal airfreme is heavier than the non-metallic airframe. The major
porticn of this weight difference 1s due to a difference in factor of
safety (1.15 non rigid, 1.50 for “"rigid” metal), and the growth factor
to maintain e given wing loading.

Mc~10 MC-30

Weight at Start of Cruise b. 13,800 17,500

Booster Weight b. 16,725 21,200
Weight at Air Launch Ib. 30,525 38,700
Wing Ares Sq. Pt. 1,985 2,520
Wing Bpan r. 67.71  76.29

Average Cruise Altitude Ft. 13,400 131,400

The metal airfreme is structurally more desirable than the non-

metallic, non rigid vehicle. The metal, rigid vehicle offers no

SECRET
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material and construction development problems of consequence, permits
eesier manufacture and meintenance, higher structural reliability,
greater growth or modification potential and probably lower cost. A
smmll reduction in cperating altitude with & consequent increase in
wing loading would tend to reduce the weight disedvantege.

III. Model Wing

A model wing design of MC-30 metel construction was made to cam-
pare with the Goodyear Aircraft Campany non-metallic wing. The detalls
worked out for the model are typical of the design of the full scale
m'w Whicle.

Study of the possible uses of such & model design show it as being
useful for detail design study, fabrieation study and deteil weight
estimation to verify the configuration. Also, camparative teating of
such models of different types of construction would yield useful
engineering data. A theoretical analysis and loed deflection determina~
tion was considered impracticel within the limits of this present pro-

gream.

Iv. System Requirements

The system requirements used are within the present capability of
the asreraft industry. The use of non-metallic materials would demand
more develorment in sreas of presently limited activity, while the
metal airfreme mekes only moderate demands of existing materials and
methods. :

Preliminary studies indicate that the 132,000 foot cruise altitude
ig the primary factor responsible for the unconventionel systems end
airframe proposed. In ZP-267 "Low Altitude Hagel Studies”, a prelimin-
ary:tuiyhmdnotaeonﬁgmtionforacminalﬁtm of approxi-
mately 90,000 £t. and a 4,000 nautical miles range in which it is shown
thaet more conventional systems and airframe construction can be used.

SECRET
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APPEEDIX A

EPFECTS OF LOAD FACTOR AND MATERIALS
WEIGRTS OF AN MC-10 TYYPE VEHICLE
Y

SRMARY

The effect of substituting rigid metal construction for the non-

metallic, inflatable MC-10 is to increese start-of-cruise weight from
13,800 1bs. to 17,500 lbs. for a range of 3,200 nautical miles. This
18 shown in Pigure 18. For either construction the design load factors
assumed during launch and boost result from gusts only.

The effect of assuming e two-g pullup et launch, together with

gust loeds, 1s to incresse structural weight of either the metal or
inflatable vehicle such that the MC-10 cruise range cannot be attained
within a reasonable size limit. The increased design load factor causes
a much greater range loss for the inflatable vehicle than for the metal
vehicle. These effects are also shown in Figure 18.

INTRODUCTION

A brief study was made to estimate the effects of design load

factor and/or congtruction materials on the start-of-cruise weight of
an MC~10 type vehicle.

DISCUSSION

In studying the effects of design load fector and/or comstruction

materials, it was sssumed that the basic MC-10 parsmeters were beld

constant, i.e.,

1. Altitude at start of cruise = 125,000 ft.
2. Crulse st constant Mech mumber = 3.0

3. Wing loading at start of cruise = 6.95 1bs./sq. ft.
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. lift-to-drag ratios unchanged by increasing size.

5. Specific fuel consumption unchanged by increasing size.

6. Cruise mass ratio required for 3,200 nautical miles range
unchanged (start cruise to empty weight is constant).

7. Total range of 3,200 nautical miles required.

These assunptions sre valid except that lift-to-drag ratio will
actually inerease slightly with vehicle size. The L/D increase would
result fram relatively smaller pilots canopy, relatively thinner wing
leading edges and increase in Reynolds number.

The ecalculation procedure used was to assume a start-of-cruise
weight, and for this weight compute the required wing, tail, and engine
sizes and veights. Fixed weights vere added, and then, fuel and tank-
age to equal the sasumed total. The resulting mass ratic was then used
to campute the range. This procedure was repeated until the relstion-
ship between weight and range were clearly shown.

The effect of replacing the inflatable, non~metallic structure of
the MC-10 with rigid magnesium compression design structure is to in~
crease the start-of-cruise weight fram 13,800 1lbs. to 17,500 lbs. The
range calculation results are shown in Figwre 18.

The MC~10 was designed for maneuvers at cruise weight only. When
loaded to launch weight the MC-10 structure is capable of withstanding
a 0.97 g load factor. This load factor is comsidered to result entirely
from gust loadings and the allowable maneuvering load factor 1s zero.

, Yhe effect of incressing the MC-10 launch design load factor by two
| g's, with non-metallic inflatable structure, is to decrease the maximum
' possible mass ratio. Thus this vehicle can never carry enough fuel to

; attein the MC-10 range of 3,200 nautical miles. This result is shown in
! Pigure 18 where the range is alwvays less than 3,200 nautical miles for
any assumed weight and is shown decreesing rapidly with increesing size.
Maximm attaineble range is approximately 1,400 nautical miles.
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The effect of increasing the MC-10 launch design load factor by
two g's, together with a change to rigid magnesium campression structure,
18 again to decrease the maximm possible mass retio. This result is
also shown in Pigure 18 vhere the range is increasing with increasing
weight but the total weight becomes excessive without attaining the
required 3,200 nautical miles. The range of the metal vehicle, while
lese than the 3,200 nautical mtles range of the basic MC-10, 1is much
greater than for the non~rigid vehicle when each 1s designed to 2 g's
plus gust loads at lapnch.
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